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(54) AUTOMATIC FREQUENCY CONTROLLER 

(57)Abstract 

PURPOSE: To provide an inexpensive and compact automatic 
frequency controller comprised of equipment of small scale. 
CONSTITUTION: Frequencies outputted from a frequency divider 
29 which frequency-divides a second intermediate frequency that 
is reception input and a frequency divider 30 which 
frequency-divides the reference frequency of a reference oscillator 
24 are phase-compared by a phase comparator 31, and difference 
is integrated by an integrator 32, and is converted into data by an 
A/D converter 28. A microcomputer control part 27 judges phase 
error polarity from the data, and changes the correction voltage of 
a voltage switch 26 to the reference oscillator 24. The voltage of 
the voltage switch 26 is changed by stages, and since the width of 
change of the reference frequency due to change in one stage is 
narrow than an allowable error range, the microcomputer control 
part 27 can judge that the reference frequency is within the 
allowable error range when the phase error polarity is inverted by 
the change of a correction voltage. 
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(57) [©ft] 

29i, y 7r ^>-.*3§igt§2 4 ^giB/gsstSr^-r 
Z#m&3 o t<nmX><WSI®.m-HiLtet£m&3 l JcJ; •? 

OD77 I'^gSISa 4— K>JgjE@;ffi£S<b£-ti:£„ 
5 t*J»H- 3 -6. 
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t5A/DMS^, A/DXSMSa^o^—^JcS^ 
fffl»3£«. 

KttHIS, «llft«^r«ffl*ixS^^^/HWHco5 0% 

R^nr^sw i ^ih*<7> a»s»«*j»8« 0 
«bh«, ai*R«^T<effl$^s j ?-^^/uBBBi<o2 5% 

[0 0 0 1 ] 
[0 0 0 2] 



(2) SM¥7 - 2 6 4 0 0 9 

2 

*Sc5£A (ffJxJi, 12. 8MHzT+l. 5ppm — 
±2. 5 p pm) COgfp^^$r^^-5£0^ii^J-C^ 

[0 0 0 3 ] S2K&S#tt, ^607R a e B ^S^^**^ 

^^^Dibttr^^e s *t« ejus 

SBbja&ttfMftP (AFC) M^fl^T^S, 
[0 0 0 4] 

^oo & 5 i^sit tc § mm m l «t 

LS I ^*a^^Si&ffl«*WJW»«^lli: 2*1, T 
<^5 a 0iJ*.tf, WSBfl^6 2 - 2 7 4 9 1 2 MIS, ^Y ^ 

i*, ^^f^p^pt^t^r^it^Lt^ mm 

[0 0 0 5 ] iot^Bj^^l^, $I^on>/^ 
[0 0 0 6 ] 
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[0007] »3R«2iciB*<D*Btt* mrnm** *je 

J: 5 *cfg#« l (cfamo S »JSttttMtt«B«:«tt U 
[0 0 0 8] »3R«3Ic:|B*co*Sli, 

[0 0 0 9] |£3*XI4 {CfStt(O^^I^, «jES>***>* 
T»i:*±«^»IIB«>1*iEB*o**«fli^«tSSffi«lJ 
fllSl|!i«««(Djqjftft^rXttH», *««KT«M9S*t 

tela**) a tkHttttffilftKB&ttA Ufc. 
[ o o l o ] 

fflWtS. 

[0 0 11] M3|t«i(z|B«^«n^«RSittAttffrfH 

tb, SW»«JB»«k**S«AAft*«>»«»J:0 <>!««■ 
Rft4«SfltAM#oflMJ: 5 ttt< fto &5 
*u A>oi«BcDffl»^j:0^b-t-«ai»««Ja»«r<o 



(3) SBfSf 7 - 2 6 4 0 0 9 

[ooi 2] nr3ft«2i^Ett<o«nic«6a»Attft«a 

[0 0 13] |»^3^|Btt<Dffn(Cff6etbAftftfH 
[0014] IS*«4 (C|H«(7>^«(C«56®IMIR«:»J 

»wt>n5rttt4i\ jz^t, 

[0015] 

[ooiei hi ra, *«n^4R£attnttiKffi«iiiB 

[0017] hh&is^t, f i <£>£ff A^ff 

BPF l SrKr»5fflttiB«»2^J: t)*«*ii-fc 
tt, Hi R^K 3 !:r » l AMSP L L 4 F 

14, BPF 5«rST*l *BB»««6^rtt«*ttlt 

»2»**7l:r» 2A«B9SSP LL 8 OJ3&&F 
3<Z>a*^a^*iX, J5IR*R f 3<Dtt*a*»k*t6. 
£ b^. BPF94rST«2*iBI*«»l 0tcTif«£ 
BPFll, J3)&»r#S'J#£ 1 2 , (S^RitffiS 1 3 
Sriir^ tr — * 1 4tctt5*£;ft,5 (> 
[0018] iSWfflAW:. 1 S^b-^-f ^tBS* 

l 6-c»«*ix, f 3i«iP L LiSft3EH«l 7T* 

g«Wi:*a*jSlSSl5*fiPLL4<7>«jR«Fl«>a 



5 

WbttfcT f 1 <7>ff-§-IS, BPFl 
9 , «Wfii|iIji 2 0, BPF21, HSf;A4filS 2 
2, BPF2 3lrlrlf^il5c 

[0019] ::r-, f i^Mpll4, 12^ 

ftMP LL8, I 3iSliP L L 1 7 15, D7r^V 

«#£U ^*x^h,«jE"5T«3W&jg* (vco) icr^r 

«(75ffiltt*Fl, F3. ^<Dgc^Sl5g 

[0 0 2 0] * fc II 7 r l^^*S« 2 4 ttMftfi^ 
2 5 0jgjK»t£##LT*igU ^m^i^^F 2 t V 7 

T is^-^mmmz 4— <Dfflm%rt$2Em,i±AJ3k\$, 112 

[0021] 2 4 ^JSligc^aiEmff 

«TtH*-r5<OIL mff $J#2i 2 6 D , SfflSJ*#2 

^5. W ^^fflSPfB 2 7f5, A/DfM2 8^bf 

[0022] *t«tfc«# 3 1 15, m^m^sm i 2<nm 

X 1 /NlCdfl UfcfflR*F 5 <Dm-&£ S:ttfflJt«-r 

i^^3 2r^^n, #t>ixfcit*«ffi 

(5, A/D«ft«2 8 MJ; «9 -Y ^^ffilJWas 2 7^7^ 

ti5 2 7 ^i^^n, ^—^K:S-^T«ffl50»*2 6*4ft)J 
• JilSiH^ -Wl:RAM2 7a(CW|Ei^ 

[0 0 2 3] CiX^y7r^>^M^24, «flE£J# 
1126, -7-Y^>-SJ^Jfl52 7, A/D$»*2 8, 
*2 9, M^3 0, ttWf 3 1, 9»«3 2i5* 

[0 0 2 4] ffl»«#JSU*l 2^btt. A/D^ 

««2 8icsfli#A»»lffi* (Rssifit) &m 

fcii^lCte, •r-1 r 3>flilJ«I«B2 I ft#U"</U 

K#J»*B*ih-rs J: 5MLT^£o ^-f ^ v 

WJ»fl5 2 7 », R AM 2 7 a IClStt^ixT^fc^"^^ 

k^hjlt, rco^-^{-s-5^rms^^^5 2 e sr»j 

[0025] 0 3 15, 01 <7>*lR«Sft«0«<Raifl' v" 

J±x-m&£iiz%cj£g. (::t^<f o ± 1 P P 

m) , -rttfc-fcK^lfSJftffi (— ppm) 

^5fca&£Ki6tejET?*5l6H (lCT'|j:>±3pp 
m) <Z>Hffi«r^-r o 



(4) 4#BB^P 7 — 2 6 4 0 0 9 

e 

[oo2 6] mmm&mmftx&mznzmmmm&iw 

HR*^#^ + ^^*^ffl«*F 0<Z>3»ffirt:, D77^ 
>*3g^§£2 4CDg?HJ5]&3fcF 2 (MHz) CD*f&t^ 

[0027] *»saft«^«gfS* ^««»F 0 i5, 
S*H»*F 2(75ft*«lctfe^-r5ri:^fe, Mtfy 
77 l^>^«fi*2 4 <75^#Se^fttb«36*± 3 p pm/ 

10 m-tZo y^T- AiiiS*-#-Sii*Sc^ft (±lppmJ£* 
T) **«F-TSfc«>fctt, *J|ftW^ia3<3DF 2 bOtt« 

f 2 c Jcw:»j«ias-e— mm\c93 5fb5^, 

15 F 2 b £ 

[0 0 2 8] **ft«ijwafta««:#jftj(cj:ixtt, S±6 
<7>Sft ft**** ITf 2 2 

9i^ct f3»jSbr»feixfcfs#ojgR»F e (ccr-ii 

^*12, 5 KHz) !/77l^^«S*2 4^ 

3 o T'&ffl kjh,fcft*tf>J3)S*F 5 £ Srflrffl 

r f 1H77 ^>>xmm$&2, 4 <nmmmm%cF 2t* 
mmm^ucwt^Zo ffi«tfc«*3 i<z>*$»i5»#s3 2 

K&TQmftZtl, #fc*l,fc« J Sffi*A/D«»*2 8tC 
iU/D^ILfcT-^J;^ -^-f ^^fflffll^ 7 15 
§fi{?-^<Dj5J8^R f l^LS3»ffitt»F 2 33**^3^ 

[0 0 2 9 ] «fctf*fT ofcW^ V«J»«2 7(5, *m 

^260^77 ^l/x%£M$&2. 4^Z>fcil;b»jE*§J!3# 

[0 0 3 0 ] |4l:*i^t, m£E^0#^2 6 t5i^^CM 
OSOIC26 1 (#i±iSc0 7 4HC4 3 5 l) V 

-^«(c*»«tt*nfciRii:«tt(?DSStRi--7, ^ffi 
m^kra, «3»iwSE^«)^r*istt:vR i , 

fcaex7>iaa:R i , ayfytciM^r 

[0 0 3 1 ] I C 2 6 1 i5 3;£cD^— h AB <D*fis 

40 A^tcj:^, I c 2 6 l li v l - 8 opf ix*»(7)tff 
y77^^»S«2 4icffl*t5. W^i#-h 
ABC^AM (0, 0, 0) ftfeliVl, (0, 
0, 1) ^b(5'V2, (1, 1, 1) &bliV8*C*> 
6. I C 2 6 1 (Dffl*«JBEtt«BWtcSft 

[0 0 3 2 ] y 7r i^^^^tg^ 2 4 15, H2M^-#-J: 
5ft»tt*tt5wt\ i c 2 6 loffiAfiffitctbWL 
r, y 77 ^>^^S^2 4cotii*o£^jg)S18:F 215 

50 &i£-tZ>o 05tC, IC26lW^tE=i|77^> 



T 

;*$g&§§2 4^S¥fflRSF 2 t , ^-hABC^A 
^^(OSl^t, ^>fa VSlfflI^2 7(3, hAB 
<DfcH*£^7 ht^r £T% I¥MtF2^ 

^ao^jbrrf o tmc*K w?&&&&mft\zwm 

"Tic 

[0 0 3 3] V 1 — 8 ±T*Ol!£Pgr£(7>$iIE^J3, I 3 
^l&SFO^O. 5ppmiC^^nSJ:5iC, V 
c c, l&StR 1^7«ttR«-£iVC^5., 0 3K^Lfc 
^^AO^^;£&-?<fc£f^^^ffiSH(3± 1 p pm 
/^f, l«»r£^ttjE*>«tt* *4W3i&$&:F 0 3>fe 

a. 

Coo3 4l v l^bvs irtHAiffitt^ii 

^fb£i*:££, g*W3R$:F 2(3#)3. 5ppmWgf 

[oo3 5] ^btc^fc, «i«>r>^-y 

(*, rco^®$rjgx.riit^^J^i^^^^a^^^^ 
[0 0 3 6] ft*S, BJtEttttVRltt, *)#fR5£ (X$§ 

[0 0 3 7] ifcM, 06 — 10 4r#fig Loo, *36»« 
<7)^Ho^rt^t5o 0 6(3, #|gJB0jtC«5^>f 

f + »h-efcSc B7-i o(3, *^J3K»f oM*j-r 
[0 0 3 8] £-f\ H7©to«K*itt«<oJ: 7r 

[0039] stfeSd^omK^rSft lt# btiitmm 

^WJ»W2 7liffiffl©iltt (F0>F2) £fc(3xi^ 
(F0<F2) 3. rcDir-^(3, *I#3S3 

[0 0 4 0] -^-f 3>'WJWa2 7(3* A/DZft#2 8 
A^of-^^l^O^J: 5, 2 6 3 



(5) ftS¥7-2 64 00 9 

s 

[004 1 ] 06 M:Jot^*C, 0 7 <D&l<D£ 0 g*?^ 
»»F2a^ F 0 J: *> t>ffi^£*iJ0rSix« 

£ (^xs^i) , ^>f3y«ai«2 7ttiiiMiftl» 
5^7 hry^tS (^x y^3 a ) o , tE^Of 

^2 6 0ffi*^5^jEmS£V5a>bV4{c_t(;r£ 0 

K**tt:*SfilEU F 2 ba*F0 J:0*^4:*U»S*lS 
C*^*:/ 4 a) . 

[0042] ^<Ot^ . F2a<F0<F2b 

J^R&O^Sfrigtt^O. 5ppmT*i,ot, — ^f6]lC*5 
tt5B*WF5S«SH 1 p pmJ; t> t>/h£<f^fc* F 2 b 13 

[004 3] Httt, F2at>F2bi:^i:<g^§ 

(3, ^7 h^fr^Srff^ (T^s'T'Sa) , £)8c8:3rF 
2b)5^F2alcIt a r*UC<fc^ fc L*>3-«3§Otfr 

5 e J;or, F 2 a)S«F o J; nft< ftofci^5i>« 
#JS3§2 6 <Dm*mm£r@5£L (^t$/^7) , tW£r 

jf<? [0 0 4 4 1 £0>J:5fc*Sfci«MjR-*- - ^i-J: 1 ?, 

[0 0 4 5 J 0 8(3, *<WSJS*F 0t£#L, +0. 5 
ppm<F2c< + l. Op prn<OX 5ftXl^«r*Cfc 

[004 61 -^-f ^>-^J^I^4 6 I3F 2 c 13 F 0 £ 9 t> 

ftp Uf^3b) o ^c%i6«F 2 d-eii*«ffi«ia 

F 2 e"Cl3ffi«ISSe«t*365R*s-ra<7>t? Ur^4 
d) , hT s/T/SrfT^ Uf^5 b) , ffifflKS 

•tt^WRet 5 ^ ^ Lfcit* Ur^6 

b) , F2df|;jEiS:i^l (^r^7) , tihtfF&m 

5<7 [0 0 4 7 J 09(3, "P^RttF 0tC#L, + 1. 0 



9 

ppm<F2f<+l. 5p pmO^ U£r£ l^fc 
[0 0 4 8] v>f3 2 6 13 F 2 f ItFO^H 

SCLft^OT Ury^4b) , S bizm&fo^ t> 5 

*i©lS«v'7h^!>>'*fi 1 5 Ur^3b) o F 
2 i -effiffl»S*ttj&*KteL7tib Ur^4d) , v- 
7hry^Srff^ (^f^5b) , ffiffl»ie«H4^W 

[oo49]Bioii &mm&&mwmjEmm#-\zm 

[0050] F2 ifiFO^O t>*!^l-fS:< , 
3a, 4 a^i?ltTF2k, F 2 K F2m, F2 

^ F2nli V 1 W;*lcJ;5jgK«R*r£-rS£, 

^^2a) 0 C<7>£#, -^-Y =VfSlJ»*B2 6 H F2n 

Jl #J:tfc£*A3&S^2 5©«^Kfk^IRH^*>ntf. 
^T3ES«: V R 1 ^Sttffl«rl88t 6 r £ ^ J: 13 , «jE"T 

[0 0 5 1 ] Jfe*3, ei±(?5«Ff^(i, F2^F0J;!) W 

icLfc«ff«)#« 2 6 w^^^irii^r*5 

£ , =i VftJ$p*|5 2 7 J^fflS 2 9, 3 0 ; ffitllt« 

«3U a»*3 2, A/DS»#2 8»«SS:-I*« 

[0 0 5 2 ] £*±<0J: *I£JSW£«5 & Wjffi$i$k 

[0 0 5 3] JEJt±*«W(75||JSflrlJt^Ot^TRK Lfc**, 

[0 0 5 4] #Jx.H H^ff>*M£«T*Ji#J»«BW^>r=i 
[0 0 5 5] 



(e) »S¥7- 2 6 4 0 0 9 

10 

[0 0 5 6] »*JR2 t-|B*<Z>*W^«5e»J«jfi«:»] 
»««fc:j;j|xtf, *J»«H *Effi*<7>«{L^J: Steffi 

[0 0 5 7 ] |»**3tcl5«(7>«8H(c#5e»Jlltt«*J 

&m&Xi&\t^fyfflm&?rfrti& r , ctor, 

20 [0 0 5 8] »*IR4 tClS«0«^^«6e»«IK««J 
»8»{cj:tt«, ^*^5flPic7}2 5%^?f(7?^Sr*L 

[^12] B2fi, HI l <7>HJ6flff|^*5*j-S V 7t is^xm 

^ [16] i6fl Hl^*J6W^*5ttSS»fflR*»J» 

[0 8] EI 81*. ^^/J^«^4&-8-(c|^i:^JjE«ri)(cj; 

[19] 1911 t> 
50 IHlol Bioii, R*^*iEffiHS:aifc«^tc(a 
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11 

^tsr^6, 28 

in^<r>mm] 29 

2 4 !/7r t-^^tSSf 3 1 

2 6 a£$)#3§ 3 2 
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3 o &m$% 
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[ii] 



'^^m^jj fjf\ 



Fl 



»1*B 



Rf2 



pll T t f- A.J 



IE2_J 



TEA ft 



23 22 21 20 19 



IB 2^ 



J8 2W& — -6 
PLL I 

26 



10 
J. 



Rf3 

30 
L 



n 



12 



29 -v. 

^ 1/M 



-TMj 
18 



17 



1/N 



F5 



32]_ 



F6 
,31 



13 1A 

-1 



A/DXEttf — t 



J* 



16 ^ 



27a 
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27 



JH2] 
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3 V 
1.5V 
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(FlMhfe, fZKHz) 



F2a 



F2b 



B2EX3S3 MftfiMft&ft 
F2c 




3. * 1 



-2pptn -lppm (pom) *1ppm +2ppm 
(-f2> {-f1) lppmj (*fi) H2) 
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V1 
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V5 22 



V5 
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0 10 10 1 0 1 
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